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Summary
Introduction:  The  present  study  explored  the  utility,  attitude,  and  trends  regarding
Smartphone  related  Medical  Applications  (Apps)  among  medical  students  of  King
Abdulaziz  University  (KAU)  Jeddah,  Saudi  Arabia  (SA)  and  their  perceptions  of  the
impact  of  Medical  Apps  in  their  training  activities.
Subjects  and  methods:  This  survey  was  conducted  at  the  Faculty  of  Medicine,  Jed-
dah,  and  Rabigh  campuses,  KAU,  Jeddah,  SA.  All  participants  were  medical  students
of  2nd  to  6th  year.  The  data  was  collected  by  using  an  anonymous  questionnaire
regarding  the  perception  of  medical  students  about  Medical  Apps  on  the  smart
devices  and  the  purpose  of  installation  of  the  Apps.  Additionally  examined  was  the
use  of  different  Medical  Apps  by  the  students  to  investigate  the  impact  of  Medical
Apps  on  the  clinical  training/practice.  Data  was  analyzed  on  SPSS  21.
Results:  The  opinion  of  330/460  medical  students  from  all  academic  years  was
included  in  the  study  with  a  response  rate  of  72%.  There  were  170  (51.5%)  males
and  160  (48.5%)  females  with  a  mean  age  of  21.26  ±  1.86  years.  Almost  all  partic-
ipating  students  320  (97%)  were  well  aware  of  Medical  Apps  for  smart  devices  and
89.1%  had  installed  different  applications  on  their  smart  devices.  The  main  usage
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was  for  either  revision  of  courses  (62.4%)  or  for  looking  up  of  medical  information
(67.3%),  followed  by  preparing  for  a  presentation  (34.5%)  and  getting  the  medical  news
(32.1%).  Regarding  the  impact  of  Medical  Apps,  most  of  the  students  considered  these
helpful  in  clinical  decision-making,  assisting  in  differential  diagnosis,  allowing  faster
access  to  Evidence-Based  Medical  practice,  saving  time  and  others.  The  practical
use  of  these  Apps  was  found  to  be  minimal  in  medical  students.  Around  73%  were
occasional  users  of  Medical  Apps,  and  only  27%  were  using  Medical  Apps  at  least  once
a  day.
Conclusion:  The  regular  use  of  Medical  Apps  on  mobile  devices  is  not  common  among
medical  students  of  KAU.
©  2016  King  Saud  Bin  Abdulaziz  University  for  Health  Sciences.  Published  by  Elsevier
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facility  is  available  on  all  the  campuses  of  the
university and  hospital  area  for  students  and  fac-
ulty. We  collected  the  data  using  an  anonymousLimited.  All  rights  reserv
Introduction
Textbooks  have  traditionally  been  the  major  source
of information  for  medical  students.  However,  with
advances  in  information  technology,  the  number
of students  using  the  electronic  resources  has
increased  considerably.  Advances  in  technology
have made  it  possible  for  people  to  more  easily
acquire any  information  when  required  [1—5].
Mobile phones  took  a  revolutionary  turn  with  the
launching  of  the  smartphone  in  1994  [5].  Since  then
mobiles have  become  an  essential  companion  for
our day-to-day  activities  [6].
The role  of  mobiles  in  health  care  professions
is becoming  very  strong  and  effective  by  providing
tailor made  access  and  provision  of  information  to
valuable advice  in  almost  each  specialty  [7].  This
has produced  a  very  positive  effect  on  the  decision-
making in  difﬁcult  situations,  resulting  in  an  obvious
reduction  in  a  number  of  medical  errors  because
of better  understanding  among  health  care  profes-
sionals  resulting  in  improved  and  effective  patient
care [8].
According  to  an  estimate,  more  than  13,000
mobile Apps  relating  to  health  are  available  from
different  Apps  stores  [1]. These  Apps  are  quite
helpful in  the  training  of  health  care  workers  and
provide  an  easy  approach  to  multiple  activities
such as  appointment  reminders,  reference  ranges,
physician  or  hospital  locator,  calorie  counter,  body
surface area  calculator  and  many  others.  This
provides tremendous  help  in  day-to-day  decisions
pertaining to  diagnosis,  treatment  and  in  the  heal-
ing process  [9].
Medical  Apps,  which  can  be  easily  down-
loaded onto  mobiles,  have  an  increased  popularity
among medical  students  and  young  clinicians  [10].
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sccording  to  a recent  survey  in  England,  84%  of
edical  students  were  of  the  opinion  that  smart-
hones  and  related  Medical  Apps  are  quite  helpful
n their  medical  education  [9].
Based  on  the  present  trends,  one  can  speculate
hat use  of  smartphone  Apps  would  groom  medical
tudents for  their  future  professional  clinical  life.
or this  reason,  a  number  of  medical  institutes  have
tarted using  this  new  technology  for  teaching  pur-
oses to  provide  an  effective  guide  to  the  budding
linicians for  their  upcoming  professional  demands
11].
A literature  review  indicated  that  there  is  a
ack of  research  regarding  the  use  of  smart-
hones Medical  Apps  among  medical  students  and
heir perception  of  the  impact  of Medical  Apps
n their  learning  in  the  Kingdom  of  Saudi  Ara-
ia. Therefore,  the  objectives  in  planning  this
tudy were  to  explore  the  utility,  attitude,  and
rend  among  medical  students  of  King  Abdulaziz
niversity (KAU)  Jeddah  and  their  perceptions
n the  impact  of  Medical  Apps  in  their  training
ctivities.
ubjects and methods
his  cross-sectional,  survey  study  was  conducted  at
he Faculty  of  Medicine,  Jeddah  &  Rabigh  campus
f KAU,  Jeddah,  Saudi  Arabia.  The  Wi-Fi  internetuestionnaire  that  was  constructed  from  previously
ublished studies  [8,12]. The  questionnaire  was  dis-
ributed to  460  second  year  to  sixth-year  medical
tudents randomly  selected  from  both  campuses.
U ong  medical  students  693
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Table  1  Demographic  data  of  participants  and  pur-
pose  to  use  medical  applications.
Parameters  Frequency  Percentage
Total  participants  330  100
Gender
Male  170  51.5
Female  160  48.5
Using  smart  devices
Yes 328  99.4
No  2  0.6*
Awareness  about  availability  of  Med  Apps  on  smart
devices
Yes  320  97
No  10  3*
Have  Medical  Apps  installed  on  your  smart  device
Yes  294  89.1
No  36  10.9*
Have  your  medical  educators  ever  recommended
that  you  obtain  a speciﬁc  Medical  App  for  your
mobile  phone
Yes  107  32.4
No  223  67.6*
Purpose  of  use  of  installed  Medical  Apps  (students
had  the  choice  to  select  more  than  one  Medical  Apps)
Revision  206  62.4
Preparation  of
presentations
114  34.5
Look  up  medical
information
222 67.3
Medical  journals 48  14.5
During  ward
rounds
68 20.6
Medical  news  106  32.1
Medications  or
drugs  guide
88 26.7
Exam  preparation  84  25.5
General  clinical
textbook
88 26.7
Clinical  skills
guide
76 23
I  do  not  have
Medical  Apps
36 10.9
a
n
a
r
ﬁtilization  of  smart  phones  medical  applications  am
he  questionnaire  composed  of  several  parts,  part
ne, involved  obtaining  demographic  data  of  the
tudy sample  such  as  gender,  use  of  the  mobile
evice or  not,  having  Medical  apps  installed  on  the
mart device,  the  purpose  of  installation  of  the
pps and  concerning  the  medical  educator’s  rec-
mmendation  of  any  medical  apps.  Part  2  contained
uestions  regarding  the  perception  of  medical  stu-
ents about  medical  apps  on  the  smart  devices.  Part
 aimed  to  assess  the  value  of  medical  apps  on  the
linical training/practice  and  part  4 was  designed
o evaluate  the  use  of  different  medical  apps  by  our
tudents  and  to  identify  the  popular  apps  among
hem.
A likert  scale  was  used  for  scoring  all  the  ques-
ions in  part  2 to  the  ﬁnal  part  of  our  questionnaire.
umerical  value  form  1—5  were  assigned  to  each
uestion, where  one  denoted  strongly  disagree,
, disagree,  3,  not  sure,  4,  agree  and  5,  strongly
gree.
We did  not  invite  ﬁrst  year  students  because,  in
audi Arabia,  the  ﬁrst  year  is  a  preparatory  year
n which  general  Physics,  Chemistry,  Biology  and
nglish  subjects  are  taught  to  the  students.  In  the
nal analysis,  only  completely  ﬁlled  questionnaires
ere included.  The  present  study  was  approved
y the  Ethical  Review  Committee  of  Faculty  of
edicine,  KAU,  Jeddah,  SA.
tatistical analysis
he  data  was  analyzed  with  the  Statistical  Package
or  the  Social  Sciences  Software  (SPSS)  for  Windows
. The  qualitative  data  was  presented  as  frequency
nd percentage  and  mean,  and  standard  deviations
ere  computed  for  Likert  scale  questions.
esults
n  the  present  survey,  out  of  460  students,  only
30 participants  returned  the  completely  ﬁlled
uestionnaire,  giving  a  response  rate  of  (72%).
70 (51.5%)  were  males  and  160  (48.5%)  were
emales and  the  mean  age  of  the  participants  was
1.26 ±  1.86  years.  As  shown  in  Table  1,  about  97%
320) of  the  participants  were  well  aware  of  dif-
erent medical  apps  for  smart  devices  and  a vast
ajority  89.1%  (294)  had  installed  different  medi-
al apps  on  their  smart  devices.
The majority  of  the  participants  used  the  medi-
al apps  for  either  revision  of  their  courses  (62.4%)
r for  accessing  medical  information  (67.3%).  Other
oticeable  uses  of  medical  apps  were  for  preparing
a
p
v
i* p < 0.001 when yes and no answers were compared while
gender-wise no signiﬁcant difference was found.
 presentation  (34.5%)  and  getting  the  medical
ews (32.1%).  All  other  uses  of  medical  apps  such
s accessing  medical  journals  help  during  ward
ounds,  drug  or  clinical  skill  guidance  attracted  a
gure of  around  20%  each.
Regarding  the  perception  of  medical  students
bout medical  apps  and  their  impact  on  clinical
ractice (Table  2),  it  was  observed  that  though  a
ast majority  of  our  participants  (89.1%)  had  med-
cal apps  on  their  smart  devices,  the  practical  use
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Table  2  Students  perceptions  about  Medical  Apps  on
smartphone  and  their  impact  on  clinical  practice.
Statements  Mean  (total
score  5)
SD
Students  perceptions  about  Medical  Apps  on  smart
phone
Medical  Apps  are  easy  to  obtain 2.19  1.002
I  am  looking  to  obtain  more
Medical  Apps  in  the  future
1.57  .673
I  would  recommend  the  use  of
Medical  Apps  to  my  fellow
medical  students
1.63 .773
I  do  most  of  my  medical  learning
using  Medical  Apps
2.56  1.048
Medical  Apps  are  essential  tools
for  undergraduate  medical
studies
1.96  .824
Medical  Apps  are  superior  to
medical  books
3.32 1.071
Medical  Apps  are  as  good  as
medical  books
2.76 1.063
Medical  Apps  are  inferior  to
medical  books
2.97 1.091
Medical  Apps  can  replace
medical  books
3.38 1.164
Medical  Apps  supplement
medical  books
1.89 .849
Medical  Apps  provide  useful
medical  information  at
‘point-of-care.’
2.17  .800
Free  Medical  Apps  are  inferior  in
quality  compared  to  paid  apps
2.15  1.056
No  dangers  in  using  Medical
Apps  for  patient  care
2.82 .976
Students  perceptions  about  impact  of  Medical  Apps  on
clinical  practice
Improve  clinical  decision-making  2.51  .815
Save  time  1.97  .771
Allow  faster  access  to  national
clinical  practice  guidelines
1.94  .763
Allow  faster  access  to  common
laboratory  reference  values
2.07  .855
Help  in  making  differential
diagnoses
2.42  .900
Perform  useful  medical  related
calculations  (e.g.  estimate
creatinine)
2.09 .792
Allow  faster  access  to  reliable
sources  of  medical  knowledge
2.17  .894
Allow  faster  access  to  reliable
sources  of  clinical  skills
2.33  .920
Allow  accurate  medicine  dosage
calculation
2.44 .931
Allow  easier  medicine  dosage
calculation
2.31  .896
Allow  faster  access  to
evidence-based  medical
practice
2.40 .901
SD, standard deviation.
F
o
o
o
t
c
o
2
o
t
w
sigure  1  Frequency  of  use  of  installed  medical  apps.
f  these  apps  was  found  to  be  minimal  amongst
ur medical  students.  With  the  exception  of  one
r two  parameters,  our  students  were  unaware  of
he importance  of  medical  apps  in  the  learning  pro-
ess. As  evident  in  the  percentages  in  Fig.  1,  73%
f the  participants  were  occasional  users  and  only
7% were  committed  users  of  medical  apps  at  least
nce a day.
A likert  scale  was  used  for  scoring  all  the  ques-ions in  Table  2  and  the  mean,  standard  deviations
ere calculated  for  each  response,  and  students’
core are  presented  in  Table  2.
Table  3  Medical  applications  are  being  used  by  the
students  (students  had  the  choice  to  select  more  than
one  Medical  Apps).
Name  of  Medical
Apps
N %
Medscape  151  45.8%
Gray’s  Anatomy  96  29.1%
Uptodate  66  20%
PubMed  Mobile  65  19.7%
Oxford  Medical
Dictionary
47 14.2%
Epocrates  38  11.5%
Oxford  Clinical
Handbooks
35 10.6%
Student  BMJ  27  8.2%
Skyscape  22  6.7%
Differential
Diagnosis  BMJ
18  5.5%
iPharmacy  18  5.5%
Prognosis  14  4.2%
Pocket  Lab  Values  14  4.2%
ECG  Guide  10  3%
iStethoscope  10  3%
Micromedex  9  2.7%
Eponyms  9  2.7%
NEJM  9  2.7%
Instant  ECG  8  2.4%
Diagnosaurus  DDx  7  2.1%
MedCalc  7  2.1%
U ong
M
m
A
y
D
A
s
8
A
t
s
o
o
t
t
l
K
p
r
a
i
t
t
a
i
m
p
i
n
a
s
p
t
a
u
t
i
c
m
a
t
a
r
i
M
d
o
s
y
t
c
w
d
c
c
t
o
8
t
a
d
w
i
i
w
o
t
m
o
a
p
a
b
d
s
t
h
e
c
w
t
a
O
M
t
m
a
c
d
p
a
M
m
v
ftilization  of  smart  phones  medical  applications  am
Table  3  reveals  that  popular  apps  included
edscape (45.8%),  Pubmed  mobile  (19.7%)  and
edical  updates  (20%).  The  Application  from  Gray’s
natomy  was  quite  popular  (29.1%)  among  initial
ears of  training.
iscussion
bout  99%  of  the  participants  of  our  study  owned  a
mart device,  mostly  a  smartphone.  Furthermore,
9.1% had  already  installed  one  or  more  Medical
pps on  their  devices.  This  ﬁnding  is  consistent  with
he previously  carried  out  studies  at  Monash  Univer-
ity and  in  a  Canadian  study  in  which  79%  and  89%
f the  participants  had  installed  any  mobile  Apps
n their  smartphones  [8,13]. It  may  also  suggest
hat now  owning  a  Smartphone  is  a  global  trend  and
hat medical  students  are  not  an  exception.  Simi-
arly, a  survey  among  medical  students  in  the  United
ingdom  (UK)  showed  that  over  75%  owned  a  smart-
hone and  that  most  had  between  one  to  ﬁve  apps
elevant  to  medical  education  [14].
Generally,  the  medical  students  using  medical
pps were  of  the  opinion  that  they  could  eas-
ly download  the  apps,  and  they  could  rely  on
he contents  and  all  were  easy  to  use.  Moreover,
hey showed  their  willingness  to  obtain  more  apps
nd about  two-thirds  (67.6%)  of  them  mentioned
nstalling the  apps  without  any  guidance  from  their
edical educator.  Overall,  this  trend  reﬂected  the
ositive attitudes  toward  the  utility  of  apps  in  med-
cal education.  Internationally,  one  observes  that  a
umber of  medical  schools  are  now  using  medical
pps as  part  of  their  medical  training  by  advising  the
tudents  to  use  selected  websites  and  apps  during
rofessional  courses  [14].
The majority  of  participants  were  of  the  opinion
hat medical  apps  were  of  use  for  revision  purposes
nd accessing  medical  information.  Other  major
ses of  medical  apps  by  medical  students  were
he preparation  of  presentations,  obtaining  med-
cal news,  using  drug  guides  and  seeking  general
linical help  in  ward  rounds.
In a  recent  American  study,  it  was  observed  that
edical  students  mostly  used  the  Medical  Apps  in
 variety  of  ways  such  as  in  medical  documenta-
ion, performing  calculations,  editing  basic  notes,
nd accessing  medical  information  and  treatment
egarding any  medical  conditions  [15].
Despite the  fact  that  medical  students  showed
nterest in  the  medical  apps  and  considered  the
edical  apps  as  an  alternative  to  textbooks,  the  stu-
ents had  mixed  opinions  of  their  use.  The  majority
f them  considered  the  applications  as  a good
s
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upplement  to  the  knowledge  offered  by  the  books,
et the  majority  of  the  students  preferred  the
extbooks  for  study  in  the  home  or  wards.  Medi-
al students  in  the  UK  gave  the  similar  impression
ith the  exception  that  when  these  medical  stu-
ents  attended  the  clinical  sessions  or  were  in
onferences, they  preferred  the  smart  devices  as
ompared to  textbooks  [16].
While assessing  the  perception  of  participants
oward medical  Apps,  very  interesting  ﬁndings  were
bserved. Although  as  mentioned  earlier  around
9.1% of  students  had  installed  medical  apps  on
he smart  devices,  yet  the  practical  use  of these
pps was  found  to  be  minimal  in  our  medical  stu-
ents. Except  one  or  two  parameters,  our  students
ere unaware  of  the  importance  of  medical  apps
n the  learning  process.  Around  73%  of  the  partic-
pants  were  occasional  users  (Fig.  1)  and  only  27%
ere committed  to  the  use  of  medical  apps  around
nce a  day.
Most of  the  students  were  uncertain  regarding
he use  of  these  apps  for  the  provision  of  useful
edical information  and  if  the  medical  apps  were
f value  if used  for  patient  care  (Table  2).
Regarding  the  perception  of  our  participants
bout the  impact  of  medical  apps  in  clinical
ractice, the  feedback  was  generally  on  the  neg-
tive side.  The  majority  of  medical  students  in
oth the  colleges  were  not  convinced  that  clinical
ecision making  could  be  enhanced  and  be  time-
aving with  the  help  of  Medical  Apps.  Nor  were
hey of  the  opinion  that  the  Medical  Apps  were
elpful in  attaining  better  access  to  laboratory  ref-
rence ranges,  allowing  faster  access  to  reliable
linical knowledge  or  clinical  skills.  Similarly,  they
ere not  convinced  that  accurate  dose  calcula-
ion could  be  carried  out  with  the  help  of  medical
pps or  faster  access  to  Evidence-Based  Medicine.
n the  contrary,  a number  of  recent  studies  in
alaysia,  UK,  and  Australia  reported  that  around
wo-third  (68.9%)  of  students  frequently  used  the
edical apps,  especially  during  ward  rounds.  They
lso found  Medical  Apps  quite  useful  for  a medical
lerkship,  various  medical  calculations,  and  drug
osage calculation  [17—19].
The result  of  the  present  study  showed  that  our
articipants  were  working  on  very  few  Medical  Apps
nd those  included  Medscape,  Skyscape,  Pub  Med
obile, Medical  News  Update  &  Epocrates.  The
ajority  of  our  students  did  not  make  use  of  the
aluable  Medical  Apps  as  could  be  seen  from  the  low
requency  of  using  the  Apps.  They  did  not  use  the
mart devices  for  educational  purposes.  Although
he students  were  using  their  mobile  phones,  they
id not  feel  that  the  available  medical  apps  can
asily cover  the  curriculum  of  their  modules.
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There  is  an  increasing  recognition  that  smart-
phones are  mainly  being  used  for  unprofessional
purposes.  It would  be  beneﬁcial  if  medical  colleges
would arrange  sessions  to  convince  and  guide  the
students  to work  online  with  the  help  of  various
medical apps  relevant  to  their  stage  of  training
[12].  This  tendency  has  been  observed  in  many
studies, yet  many  medical  students  do  not  feel
their professional  curriculum  demands  the  use  of
medical  apps,  which  may  lead  to  an  inconsistent,
informal, and  unprofessional  use  of  medical  appli-
cations.  Young  physicians  can  be  perceived  to  be
rude to  patients  by  answering  the  calls  or  respon-
ding to  text  messages  while  attending  the  patients.
[20,21]
There  are  certain  limitations  in  our  study.  Firstly,
this was  a  sample  for  one  site,  so  our  results  can-
not be  generalized.  It  is  quite  possible  that  the
use of  Medical  Apps  on  smart  devices  may  be  bet-
ter in  other  regions  of  the  Kingdom.  Secondly,
it was  a  cross-sectional,  and  questionnaire-based
study.  Thirdly,  as  the  answers  to  the  questionnaires
remained anonymous,  the  participants  may  have
answered  the  questions  in  a  casual  manner,  a prob-
lem observed  in  most  of  the  survey  questionnaires
[22,23].
Conclusion
The  regular  use  of  medical  apps  on  mobile  devices
is not  common  among  medical  students  of  KAU.  The
increasing  usage  of  medical  apps  on  smart  devices  is
an established  reality.  It  must  be  stressed  that  more
attention  should  be  focused  by  the  faculty  of  med-
ical colleges  to  guide  and  educate  the  students  on
appropriate  use  of  smartphones  and  medical  apps
in their  studies  and  clinical  work  for  increased  efﬁ-
ciency in  the  provision  of  patient  care.
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